The main objectives of this research were to determine the effects of applying organic and chemical fertilizers under different irrigation regimes on sunflower (Helianthus annuus L.) morphological traits, yield components, grain yield and grain quality. The experiment was conducted as spilt plots based on a randomized complete block design with three replicates. Irrigation treatments at three levels (well-irrigated, mild and severe drought stress) were allocated to main plots and eight fertilizer treatments (urea (F1), urea + composted cattle manure (F2), zeocompost (F3), vermicompost (F4), zeolite-amended chicken manure (Z-ACM) (F5), zeocompost + vermicompost (F6), zeocompost + Z-ACM (F7) and vermicompost + Z-ACM (F8)) were randomized in sub-plots. The results showed that irrespective of the drought stress intensity, organic fertilizer treatments produced more dry matter, heavier and greater grain than did chemical treatments. In well-irrigated plots, the highest grain yield was obtained from F6, F7 and F8 treatments. Under drought stress conditions, the highest grain yield was obtained from the high zeolite content organic fertilizers i.e. F3, F5 and F7. We concluded that amending soil with organic fertilizers in combination with zeolite can be a beneficial approach for decreasing chemical fertilizer application rates and improving the sustainability of agricultural systems.
INTRODUCTION
Water and nutrients availability and their interactions commonly impact crop growth and yield (Jing et al., 2012) . The impact of industrial farming practices on soil and water quality is now a global concern, and much recent research has focused on management options for reducing nutrient waste, improving soil quality and increasing crop yield (Edmeades, 2003) . Alternative management systems, such as organic and integrated farming, are being promoted because they are more environmentally benign and enhance soil and water quality relative to industrial farming practices (Delate & Cambardella, 2004; Gholamhoseini et al., 2013) . Nitrogen is one of the most important elements, playing a key role in achieving desired yield and quality of crop production. In sustainable agroecosystems, N cycle is sustainably managed to reduce the risk of N leaching to groundwater (Basso & Ritchie, 2005) . Therefore choosing the right amount of the most suitable N fertilizer source is critical to plant growth as well as livestock, human and environmental health.
Historically, organic materials such as manure have been mixed with soil to improve water and nutrient retention (Bigelow et al., 2004) . Organic matter affects crop growth and yield directly by supplying nutrients and indirectly by modifying soil physical properties that can improve the root environment and stimulate plant growth (Bandyopadhyay et al., 2010) . Vermicompost is a product of biodegradation of organic materials using various species of earthworms and microorganisms (Yang et al., 2015) . Vermicomposts are rich in all essential plant nutrients, humic acids and vitamins as well as enzymes and plant growth regulators (Singh et al., 2011) . Applications of vermicompost individually or in combination with either other organic fertilizers or mineral fertilizers have been proved effective to improve growth and yield of various crops (Javaad & Panwar, 2013; Singh et al., 2011; Simsek-Ersahin, 2011) .
Zeocompost is made by composting cattle manure mixed with zeolite. Zeolites are crystalline, hydrated aluminosilicates, characterized by an ability to lose and gain water reversibly and to exchange their constituent elements without a major change of structure (Leggo et al., 2006; Gholamhoseini et al., 2012) . Zeolites have high cation exchange capacity (200-300 cmol c kg -1 ), selective absorption and structure stability over the long term (Baerlocher et al., 2001) . Although the effects of various organic fertilizations have been studied in several crops (Yolcu, 2010; Rokhzadi & Toashih, 2011) , there is little information regarding the effect of zeolite and composted cattle manure on sunflower production.
Chicken manure is the organic waste from poultry composed of mainly feces and urine of chickens and spilled feed and feathers. The mixture of chicken manure with zeolite as bedding materials is referred as zeolite-amended chicken manure (Z-ACM). Therefore Z-ACM is organic manure enriched with many major plant nutrients like N, P, K and many trace elements like Zn, Cu, As etc. In a study, Leggo (2000) investigated the response of wheat to chicken manure amended by zeolite and found out that crop faced a better growth rate when zeolite was applied in chicken manure, and reported that the increase of growth and yield is due to N availability by zeolite.
Considering the significant role of organic fertilizers in providing N in sustainable production of oil seed crops, an experiment was conducted to study the effect of different organic fertilizers on growth, grain yield, oil and protein content of sunflower grown under different drought stress conditions.
MATERIALS AND METHODS
The field experiment was conducted at Agricultural Research Farm, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran in 2012. The experiment was laid out as split plot in a randomized complete block design with three replicates. Irrigation treatments at three levels (irrigation after depleting 30, 50 and 70 % of field capacity as well-irrigated (I1), mild drought stress (I2) and severe drought stress (I3), respectively) were allocated to main plots and eight fertilizer treatments (urea (F1), urea + composted cattle manure (F2), zeocompost (F3), vermicompost (F4), Z-ACM (F5), zeocompost + vermicompost (F6), zeocompost + Z-ACM (F7) and vermicompost + Z-ACM (F8)) were randomized in sub-plots. Soil samples were collected before fertilizer application at 0-30 cm depth to assess soil physical and chemical properties. Soil analyses were conducted using procedures described by soil and plant analysis council (1999). The soil texture was sandy loam based on the textural triangle classification (Table 1) . Potassium and P were not applied during the growth season because the soil had adequate levels of these elements (Table 1) . The values of moisture contents at field capacity, permanent wilting point and available water were 21. 9 and 12 %, respectively. Time domain reflectometry (TDR model Trime-FM) was used to measure soil volumetric water at a soil depth of 0-60 cm (two soil layers, at 30 cm intervals). The following equation was used to calculate management allowed depletion (MAD) or maximum water depletion percentage (Allen et al., 1998) .
Where MAD: management allowed depletion; n: number of soil layers at the depth of root development; FCi: field capacity at i layer; θi: soil water volumetric percentage before irrigation at i layer and PWP: permanent wilting point.
Required water for each plot was calculated according to the following equation (Allen et al., 1998) .
Where Vd: required water (m 3 ); MAD: management allowed depletion (%); Rz: depth of root development (m); A: plot area (m 2 ) (Sabahi, 2007) .
Vermicompost, zeocompost and Z-ACM were supplied from Tehran University Horticultural Research Centre. Chemical analysis of the organic fertilizers is shown in table 2. After preparing the plots (3 m width and 4 m length consisted of 6 rows) certain amount of organic fertilizers (Table 3) were spread onto the plots and then incorporated into the soil with shovel. There were 2 m gaps between the blocks, and a 1 m alley was established between each plot to prevent lateral water movement and other interferences. Sunflower seeds ('Azargol', Seed and Plant Improvement institute, Karaj, Iran) were sown by hand at depths of 5 cm on the rows 25 cm apart. At first, the experimental plots were over-seeded and then thinned at the three-leaf stage to achieve the recommended plant density of 80,000 plants ha -1 . The first irrigation was performed immediately after sowing. Weeds were controlled manually during growing season. The crop was harvested at physiological maturity by cutting the plants off at ground level.
The plants were analyzed into laboratory, being determined the following traits: plant height, stem diameter, dry matter and grain yield as well as yield components including head diameter, number of grains per head and 1000-grain mass. Final yield was calculated as the grain yield at 10 % moisture content and expressed in kg ha -1 . Harvest index was calculated as the ratio of grain yield to above ground biomass yield expressed as a percentage. Grain oil and protein percentage were determined using Inframatic (Inframatic 8620 Percor) and Kjeldahl methods, respectively. The data were subjected to analysis of variance (ANOVA), to determine the variability of each measurement. The means of treatment were compared according to Fisher's LSD (0.05). 
RESULTS AND DISCUSSION
The results indicated that the main effects of irrigation and fertilizer treatments were significant on all studied traits except for harvest index (Table 4 ). In addition, dry matter yield, grain number per head and final grain yield as well as oil and protein percentage were significantly affected by interaction between irrigation and fertilizers treatments (Table 4) .
Dry matter yield
Under well-irrigation conditions, increased N availability due to organic fertilizers application has led to increased vegetative growth and eventually increased dry matter production ( Fig. 1 ). Among organic fertilizer treatments, zeocompost + vermicompost, zeocompost + Z-ACM and vermicompost + Z-ACM treatments caused the maximum dry matter yield, among which vermicompost + Z-ACM showed the maximum value of 6563 kg ha -1 (Table 5) . Increase in dry matter production may be due to enhanced soil N content on account of Z-ACM application during growing season and also improved soil microbial activity through applying vermicompost (Salehi et al., 2016) . In drought stressed plots, organic fertilizers in which zeolite was applied led to increased dry matter (Fig. 1) . Under drought stress conditions, the maximum dry matter yield was obtained from Z-ACM and zeocompost + Z-ACM treatments ( Fig. 1) . By contrast, the minimum yield was related to urea and urea + composted cattle manure treatments (Fig. 1) . It has been reported that zeolite application improves soil water retention capacity (Xiubin & Zhanbin, 2001; He et al., 2002) . 
Grain yield
There was a significant difference among irrigation treatments in terms of grain yield (Table 5 ). The maximum grain yield (2084 kg ha -1 ) was obtained from well irrigated plots. Grain yield decreased by 22 and 29 % due to mild and severe drought stress, respectively (Table 5) . Sunflower grain yield strongly depends on water availability in the soil and would decrease with increasing water shortage level (Sezen et al., 2011) . The final grain yield reduction due to drought stress was mainly through low grain mass and grain number per head and also head diameter. In this study, there were positive and significant correlations between grain yield and yield components i.e. grain number per head, grain mass and head diameter. Drought stress, like other environmental stresses, reduces grain filling period through reducing photosynthesis and assimilates transport into the grains. The maximum grain yield was achieved when plants were well irrigated and treated with zeocompost + vermicompost, zeocompost + Z-ACM or vermicompost + Z-ACM treatments (Fig. 2) . By contrast, the minimum grain yield was related to urea followed by urea + composted cattle manure treatments (Fig. 2) . It seems that the application of organic fertilizers accompanied by zeolite in the present experiments decreased N leaching because organic fertilizers improved the physicochemical conditions of the soil (Gholamhoseini et al., 2013) and increased the activity and penetration of plant roots (Evanylo et al., 2008) . In addition, the most important process by which zeolite application decreases N leaching arises from the unique properties of this natural mineral. In zeolites, the canals are so large that cations such as ammonium can fit therein, but bacteria, particularly nitrifying bacteria, cannot access the zeolite canals (Baerlocher et al., 2001) . Therefore, when ammonium is available in organic fertilizers or soil, zeolite selectively absorbs ammonium (Gholamhoseini et al., 2012) and renders it unavailable to nitrifying bacteria, which are active in well-aerated sandy soils. Thus, the transformation of ammonium to nitrate (the latter of which is prone to leaching) will decrease with zeolite addition, therefore decreasing N leaching. Any change in N availability will have significant effect on grain yield as N availability during growing season affects assimilates allocation among vegetative and reproductive organs. Increase in grain yield on account of organic fertilizers application may be due to the role of composts in improving soil N content over growing season (Bandyopadhyay et al., 2010) . As can be seen from table 2, Z-ACM is rich in N, P and K as well as Mg. Nitrogen is released quickly from Z-ACM during early growth stage (Sabahi, 2007) and help plants to establish rapidly and grow strong root systems. In the rest of the growth season, N is released gradually from vermicompost throughout the growth stages of the crop. On the other hands, it appears that increase of grain yield in organic treatments, especially F8, results from a proper balance between available soil N and plant N requirements. Under mild and severe drought stress conditions the maximum grain yield was obtained from those treatments in which more zeolite was applied i.e. zeocompost, Z-ACM and zeocompost + Z-ACM treatments. By contrast, the minimum grain yield was observed in chemical and combined treatments. Zeolite provides more moisture by improving soil water retention capacity and promotes sunflower grain yield. Generally, zeolite can decrease the bulk density and increase total porosity, which consequently increase soil water content (Nakhli et al., 2017) . Its application changes the inter-particle porosity of soil. Zeolite is a porous medium with open pore network channels into its structure, which can also play an important role in water retention. Additionally, it seems that adding zeolite to organic fertilizers prevents the N loss from the soil due to absorption and subsequent release of the N by the zeolite. In this way, organic fertilizers amended by zeolite can act as a slow-release fertilizer to supply N to the crop gradually. A direct relationship between N supply and crop dry matter has been reported by Hermanson et al. (2000) . Thus, it is to be expected that that organic fertilizers with zeolite (especially F6 and F8) will increase sunflower grain yield. 
Harvest index
The harvest index was not affected by irrigation regimes and fertilizer treatments (Table 4 ). According to Hay and Porter (2006) harvest index has been reported to have lower variances so that in some crops the value has reached to its maximum. In a nutshell, any factor that reduces the biological yield can lead to reduction in grain yield and finally will causes weaker variation in harvest index.
Yield components
According to the results application of combined organic fertilizers (zeocompost, vermicompost, zeocompost + Z-ACM and vermicompost + Z-ACM) under well irrigation conditions produced more grain per head compared with other treatments (Fig. 3 ). It appears that the availability of N and other nutrients supplied from composts improves photosynthesis and increases assimilate production during reproductive growth stage. Nitrogen and other nutrients are released gradually from organic fertilizers and nourish plants during growing season. Slow release reduces the risk of nutrients leaching into waterways and support plants until the end of growing season. Under mild and severe drought stress the maximum grain number per head were found in those treatments in which more zeolite was applied (zeocompost, Z-ACM and zeocompost + Z-ACM) (Fig. 3) . Zeolites can modify soils water content by altering the bulk density and total and aeration porosity (Nakhli et al., 2017) . Bulk density is a basic soil physical property that can have an effect on the total porosity and topsoil stability, such that the bulk density of light-textured soils can be lowered with the application of zeolites (Ramesh et al., 2011) . Furthermore, in sandy soils, zeolites application can lead to higher water holding capacities, which can be attributed to zeolites high pore volumes that enable them to hold more water in their structures (Ramesh et al., 2011) . Other researchers have also found water retention or soil water contents to be greater in soils to which zeolite was applied. Bigelow et al. (2001) mixed 10 % zeolite with putting green sand and noted a 20 % increase in volumetric water content during the first year after putting green establishment as compared with unamended sand. Al-Busaidi et al. (2008) applied zeolite to sand at a rate of 5 kg m -2 (5 % by mass), reporting an increase in soil water content of approximately 2.5 % to 4.8 % (by mass), depending on water source, as compared with a control. In addition, zeolites can modify the soil hydraulic conductivity, a physical property of soil showing the easiness of water movements within the soil, due to the existence of channels within their structure (Nakhli et al., 2017) . In heavy-textured soils, zeolites are able to increase the hydraulic conductivity, while in light-textured soil, they lower the hydraulic conductivity (Razmi & Sepaskhah, 2012) . In a study clinoptilolite zeolite was added to four different soil textures including clay, loam, loamy sand, and sand. The results indicated that application of zeolite decreased the hydraulic conductivity of sandy and loamy soils. On the contrary, it increased the hydraulic conductivity of clay soil (Gholizadeh-Sarabi & Sepaskhah, 2013) . Change in the hydraulic conductivity was highly attributed to change the average particle size of the soil (Mahabadi et al., 2007) . Grain mass as an important yield component was significantly affected by irrigation treatments (Table 4) . The maximum and minimum grain mass were related to well irrigated and severe drought stress plots, respectively (Table 5 ). Shorter grain filling period due to water deficit stress is the main reason for decreased grain mass (D' Andria et al., 1995) . Among fertilizer treatments, combined organic treatments and chemical treatments produced the maximum and minimum grain mass, respectively (Table 5) . Increase in grain mass has been found to be correlated with increase in nutrients uptake (Efeoğlu et al., 2008) . According to Hay and Porter (2006) consistent N availability increases dry matter production and leaf area duration. So it is not surprising that organic fertilizers play a major in increasing grain mass.
Morphological characteristics
Drought stress significantly reduced plant height so that there were 18 and 31 % reduction when control treatment was compared with mild and severe drought stress treatments, respectively (Table 6) . Reduction in plant height may be due to lower turgor pressure and diminished cell division on account of water deficit stress (Ogbonnaya et al., 2003) . Similar results have been found by Kazi et al. (2002) . From the results the tallest and shortest plants were observed when combined organic fertilizers (zeocompost + vermicompost, zeocompost + Z-ACM and zeocompost + Z-ACM) and combine chemical treatments (urea and urea + cattle manure) were applied, respectively (Table  6 ). Plant height is an index of vegetative growth. Considering this fact that N is constituent of proteins, N availability plays a key role in plant growth and cell expansion. The positive effect of N in stem elongation in sunflower has been reported by Khaligh and Cheema (2005) . In addition, increase in plant height might be due to application of different organic fertilizers at the same time. For example, Z-ACM provides required N during early growth stages and vermicompost improves growth through increasing vitamins and plant growth regulators into the soil. On the other hands, the application of organic fertilizer improves soil physical and chemical properties and increases root activity, leading to enhancement of plant N absorption (Gholamhoseini et al., 2013) .
Stem diameter decreased due to mild and severe drought stress (Table 6 ). Similar results have been reported by Kazi et al. (2002) . Stem diameter was at the minimum limit when urea was applied (Table 6) . From the other side, the maximum stem diameter was observed when vermicompost + Z-ACM treatment was used (Table 6 ). Nutrients availability in combined organic treatments improves photosynthesis and assimilates production which finally leads to more vegetative growth. Stem diameter affect yield and yield components so that plants with thicker stems produce more grain yield.
The results indicated that the maximum and minimum head diameters were related to well-irrigated and drought stressed plots (Table 6 ). Head diameter is not only controlled by environmental factors such as soil moisture, but also by genetic properties. Water availability during reproductive stage has critical role in increasing yield via increasing assimilates production and sink size such as grain size and head diameter (Tarantino & Alba, 1979) . According to the results application of combined organic fertilizers could increase head diameter (Table 6 ). .9 a 20.9 bc Means in columns followed by the same letters are not significantly different at p < 0.05 using LSD test. I1: Irrigation after depleting 30 %, I2: Irrigation after depleting 50 %, I3: Irrigation after depleting 70 % of filed capacity. F1: urea, F2: urea + composted cattle manure, F3: zeocompost, F4: vermicompost, F5: Z-ACM, F6: zeocompost + vermicompost, F7: zeocompost + Z-ACM and F8: vermicompost + Z-ACM
Grain quality
The maximum grain protein content was obtained from severe drought stress treatment, whereas the minimum value was found in well-irrigated plots (Fig. 4) . It has been reported that higher temperature and lower soil moisture content during growing season decrease grain mass and oil percentage (Mirales, 1997) . It has been reported that oil content would increase with increasing soil available water content (Wang et al., 2003) . Reduction in oil percentage because of drought stress might be due to alterations in seeds metabolisms and/or assimilates transfer into the seeds. In fact, drought stress, especially at seed filling stage, reduces oil percentage but increases protein percentage. Under well-irrigation conditions, grain oil percentage was higher in plants which were treated with organic fertilizer containing vermicompost (vermicompost, vermicompost + zeocompost and vermicompost + Z-ACM) so that oil percentage in these treatments increased by 12, 12 and 16 %, respectively, compared with chemical treatment (Fig. 5) . From one side, slow release of N and other nutrients from vermicompost and from the other side improving soil physical properties by organic fertilizers could improve plant growth, photosynthesis and finally oil synthesis. Similar results have been found by Arancon et al. (2007) . Liu et al. (2004) has reported that organic fertilizers increase seed oil percentage through extending seed filling period and increasing leaf area duration. The results revealed that the minimum oil percentage was related to chemical treatment in which urea was individually applied. Under mild and severe drought stress, the maximum oil percentage was obtained from treatments in which more zeolite was applied i.e. zeocompost, Z-ACM and zeocompost + Z-ACM (Fig. 5) . It has been reported that zeolite improves water retention capacity and provides more water for the plants ( Gholamhoseini et al., 2013) . 
CONCLUSIONS
This study compared the effects of different irrigation regimes associated with different fertilizer treatments under semiarid climatic conditions on various aspects of sunflower production. The results herein clearly indicate that the application of combined organic fertilizers with 1600-2200 kg ha -1 zeolite, F6 and F8 treatments, was considerably more effective than the chemical treatment (F1) or the integrated treatment without zeolite (F2) for improving most quantitative and qualitative sunflower traits. According to the obtained results, combined organic fertilizers, especially zeocompost + vermicompost, zeocompost + Z-ACM or vermicompost + Z-ACM, are recommended to use under wellirrigation conditions in sunflower production. Moreover, under drought stress conditions, application of zeolite amended organic fertilizers is highly recommended. Overall we concluded that soil amending with combined organic fertilizers and zeolite can be a beneficial approach for decreasing chemical fertilizer application rates and improving the sustainability of agricultural systems. 
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